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STRAIN GAUGE HAVING FIRST AND

SECOND INSULATION LAYERS AND

METHOD FOR PRODUCING SUCH A
STRAIN GAUGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Phase of PCT
Application No. PCT/DE20177/100689 filed Aug. 16, 2017
which claims priority to DE 102016217583.8 filed Sep. 15,
2016, the entire disclosures of which are incorporated by
reference herein.

TECHNICAL FIELD

This disclosure relates to a strain gauge for force and
strain measurement, and to a method for producing a strain

gauge.
BACKGROUND

Strain gauges (SGs) for measuring component strains are
widely known. Such strain gauges are 1n general adhesively
bonded onto a surface of a component to be examined. The
strain gauge 1n general comprises a carrier element made of
a plastic, and an electrically conductive resistance layer
arranged on the carrier element. In order to protect against
moisture, the resistance layer 1s in general protected by an
outer plastic layer. The resistance layer 1s therefore embed-
ded between the carrier element and the outer plastic layer.

A strain gauge 1s known, for example, from DE 29 16 425
B1 and DE 33 17 601.

There 1s a constant need to increase the measurement

accuracy of strain gauges and to reduce or avoid {false
measurements.

SUMMARY

The object of this disclosure 1s to provide a strain gauge
and a method for producing a strain gauge, which has an
increased measurement accuracy and a reduced susceptibil-
ity to error.

The object 1s achieved according to the disclosure by a
strain gauge having the features and method of producing
described herein and illustrated in the figures. Embodiments
of the disclosure, which may respectively represent an
aspect of the disclosure individually or in combination, are
captured 1n the description below.

According to the disclosure, a strain gauge for force and
strain measurement, comprising a first insulation layer hav-
ing an upper side, a resistance element, which 1s arranged on
the upper side of the first insulation layer, a second 1nsula-
tion layer, which 1s arranged on the resistance element and
1s at least locally connected to the first insulation layer, and
an electrically conductive layer arranged on the second
insulation layer, 1s provided.

The first insulation layer and/or the second insulation
layer 1s mtended to mean a nonconductive, or insulating,
layer. In one embodiment, the first insulation layer and/or
the second isulation layer comprises a plastic matenial. In
one embodiment, the first insulation layer and/or the second
insulation layer comprises silicon dioxide S10, and/or sili-
con nitride (S1,N,) and/or aluminum oxide Al,O;. In one
embodiment, the first mnsulation layer comprises the same
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material as the second insulation layer. The first mnsulation
layer can be configured in a different way to the second
insulation layer.

The resistance element can be a resistance wire and/or a
resistance fo1l and/or a resistance layer. In one embodiment,
the resistance element comprises germanium and/or silicon.
The resistance element can have a round and/or rectangular
cross section. In one embodiment, the resistance wire 1s
deposited from the gas phase and/or produced by means of

chemical vapor deposition (CVD). The resistance wire can
be machined from a flat structure by a laser. In one embodi-
ment, the resistance wire comprises a meandering structure
and/or meandering patterning 1n one or more loops.

The electrically conductive layer 1s intended to mean any
layer for shielding electromagnetic radiation. In one
embodiment, the electrically conductive layer 1s a conduc-
tive film, 1n particular a metal foil, and/or a metal layer.

In order to detect a component strain and/or a force, or a
torque, the resistance value of the strain gauge arranged on
the component 1s measured. If the component to be exam-
ined experiences a strain, for example due to an external
force action, the resistance layer 1s likewise strained so that
the resistance value of the resistance layer changes corre-
spondingly. The resistance value 1s measured by applying an
clectrical voltage. In this disclosure, use 1s made of the
discovery that strain electromagnetic fields in the vicinity of
the strain gauge may have an influence on the applied
voltage and therefore an influence on the resistance value
measured, so that the measurement result 1s adversely
allected. An electrically conductive layer, which provides
shielding for the resistance element, 1s therefore arranged on
the second 1nsulation layer. The electrically conductive layer
1s not electrically conductively connected to the resistance
layer. In this way, electromagnetic rays in the vicinity of the
strain gauge can be shielded from the resistance element by
the electrically conductive layer, so that the influence of
interfering electromagnetic effects during the measurement
of the resistance value of the resistance element can be
reduced, and the measurement accuracy of the strain gauge
can therefore be increased.

According to one embodiment, the electrically conductive
layer has a base area A, and the resistance element has a base
area A, the relation A=A, being satisfied. The base area A
of the electrically conductive layer 1s therefore greater than
or equal to the base area A, of the resistance element. In this
way, the electrically conductive layer can fully cover the
resistance element. In one embodiment, the base area A, of
the electrically conductive layer 1s greater than the base area
A, of the resistance element, and arranged relative to the
base area A, of the resistance element 1n such a way that the
base area A, of the electrically conductive layer protrudes at
least locally, and possibly fully, beyond the base area A, of
the resistance element.

In principle, the base area A, of the electrically conductive
layer may be less than or equal to a base area A, of the first
insulation layer. In one embodiment, provision 1s made that
the base area A, of the electrically conductive layer 1s greater
than the base area A, of the first insulation layer. In this way,
the electrically conductive layer can be arranged relative to
the first insulation layer in such a way that the electrically
conductive layer protrudes at least locally, and, 1n one
embodiment, fully, beyond the first insulation layer at the
side regions of the first mnsulation layer. The electrically
conductive layer may be electrically conductively connected
by the regions which protrude beyond the first 1nsulation
layer to a base body on which the strain gauge 1s arranged.
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According to one embodiment of the disclosure, the
resistance element 1s arranged 1n a pattern on the upper side
of the first mnsulation layer, so that sections covered by the
resistance element and resistance element-iree sections are
formed on the upper side. In the resistance element-free
sections, the second insulation layer 1s 1n direct contact with
the upper side of the first insulation layer. In one embodi-
ment, the resistance element-free sections are formed 1n an
edge region of the upper side of the first msulation layer
and/or between resistance element-covered sections. In this
way, the resistance element 1s framed between the first
insulation layer and the second insulation layer so that the
resistance element can be protected against external intlu-
ences, particularly against liguid media and/or humid media.

According to one embodiment, the resistance element has
meandering patterning. The resistance element may com-
prise of one or more loops on the upper side of the first
insulation layer. Resistance element-iree sections can there-
fore be formed between the loops of the meandering pat-
terming and/or 1n the edge region of the first insulation layer.

According to one embodiment, the first insulation layer
has a lower side on a side facing away from the surface, the
second insulation layer has an outer side on a side facing
away from the surface of the first insulation layer, the first
insulation layer and the second 1nsulation layer have at least
one continuous material recess, which extends from the
outer side of the second 1nsulation layer to the lower side of
the first insulation layer and i1s arranged in the resistance
clement-iree section, and the conductive layer 1s arranged on
the outer side of the second msulation layer and 1n the
continuous material recess, and extends as far as the lower
side of the first insulation layer. In this way, the electrically
conductive layer can extend from the outer side to the lower
side of the first insulation layer 1n the resistance element-ree
section. In one embodiment, the strain gauge comprises a
multiplicity of continuous material recesses, which are
arranged from the outer side to the lower side in the
resistance element-free sections. If the strain gauge 1s
applied on a metallic base body, the electrically conductive
layer can be electrically conductively connected to the base
body and form a Faraday cage around the resistance ele-
ment. In this way, the shielding effect against electromag-
netic interference can be increased.

In one embodiment, the resistance element comprises
contact elements for electrical contacting of the resistance
clement, and the second 1nsulation layer and the electrically
conductive layer are recessed 1n the region of the contact
clements. In this way, the resistance element can be supplied
with electrical voltage through the contact elements.

This disclosure turthermore provides a method for pro-
ducing a strain gauge, the strain gauge comprising a {irst
insulation layer having an upper side, a resistance element,
which 1s arranged on the upper side of the first insulation
layer, a second insulation layer, which 1s arranged on the
resistance element and 1s at least locally connected to the
first msulation layer, and an electrically conductive layer
arranged on the second sulation layer, comprising the
steps:

a) applying a first insulation layer onto a surface to be
examined of a base body, a lower side of the first insulation
layer being in contact with the base body;

b) applying a resistance eclement, comprising contact
clements, on an upper side of the first insulation layer, the
upper side being arranged on a side facing away from the
lower side;

¢) applying a second 1nsulation layer onto the resistance
element;
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d) applying an electrically conductive layer onto the
second 1nsulation layer.

An electrically conductive layer 1s therefore applied on
the second insulation layer. The electrically conductive layer
1s not electrically conductively and/or not electrically con-
ductively connected to the resistance element. This means
that an msulating layer, namely the second insulation layer,
1s arranged between the electrically conductive layer and the
resistance element. The electrically conductive layer can
therefore act as shielding for the resistance element against
stray electromagnetic fields which may have an influence on
the measurement result i the vicinity of the strain gauge.

According to one embodiment, the first insulation layer 1s
vapor-deposited onto the surface of a metallic base body. In
this way, a thin film-like first insulation layer may be applied
onto the surface. In one embodiment, the first insulation
layer 1s applied with a material thickness of <1 um onto the
metallic base body.

According to one embodiment, the resistance element 1s
applied with a pattern onto the first insulation layer, so that
the first msulation layer comprises a section covered by a
resistance element and a resistance element-free section.
The resistance element-free section may be formed 1n the
edge region of the upper side of the first msulation layer.
Depending on the patterning of the resistance element, one
or more resistance element-iree sections may be arranged at
least locally between the sections covered by the resistance
element. In one embodiment, the resistance element has
meandering patterning, which can include one or more
loops.

In principle, the resistance element may be a resistance
wire which 1s adhesively bonded onto the first 1nsulation
layer. According to one embodiment, the resistance element
1s produced by applying a resistance layer onto the first
insulation layer, and patterming the resistance layer by
ctching.

According to one embodiment, the resistance element 1s
vapor-deposited 1n a pattern onto the first insulation layer,
and/or applied 1n a pattern by sputtering. In this way, the
resistance element may be applied with a material thickness
of <1 um onto the first insulation layer.

According to one embodiment, the contact elements of
the resistance element are masked before the application of
the second msulation layer. The masking can prevent coating
of the contact elements with the second insulation layer. It
can also prevent the contact elements from being short-
circuited by the electrically conductive layer. For electrical
contacting of the contact elements, the masking 1s removed
alter the application of the electrically conductive layer.

According to one embodiment, the base body masking 1s
applied onto the surface of the metallic base body 1n the
resistance element-iree section before the application of the
first insulation layer, and the base body masking i1s removed
before the application of the electrically conductive layer. In
this way, the base body masking can prevent a first insula-
tion layer from being applied directly on to the surface in the
regions of the base body masking. By the removal of the
base body masking after the application of the secon
insulation layer, a continuous material recess 1s provided 1n
the first insulation layer and the second insulation layer. In
this way, by the application of the electrically conductive
layer onto the second insulation layer, material of the
clectrically conductive layer can enter into the continuous
material recess as far as the base body, so that an electrically
conductive connection can be established between the elec-
trically conductive layer and the metallic base body.
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Lastly, according to one embodiment, at least one con-
tinuous material recess 1s formed in the resistance element-

free section, possibly by etching, before the application of
the electrically conductive layer.

BRIEF DESCRIPTION OF THE DRAWINGS

This disclosure will be explained by way of example
below with reference to the appended drawings with the aid
of example embodiments, in the context of which the
features presented below may represent an aspect of the
disclosure respectively individually and 1n combination. In
the figures:

FIG. 1 shows a vertical section through a strain gauge
according to one embodiment,

FIG. 2 shows a vertical section through a strain gauge, a
continuous material recess being formed 1n a first insulation
layer and a second insulation layer, according to one
embodiment,

FIG. 3 shows a method for producing a strain gauge,
according to one embodiment,

FIG. 4 shows a further method for producing a strain
gauge, according to one embodiment.

DETAILED DESCRIPTION

FIG. 1 shows a vertical section through a strain gauge
(SG) 10. The strain gauge 10 comprises a first mnsulation
layer 12, which has a lower side 14 and an upper side 16 on
a side facing away from the lower side 14. A resistance
clement 18 1s arranged on the upper side 16 of the first
insulation layer 12, the resistance element 18 comprising
contact elements (not represented) for electrical contacting
ol the resistance element 18.

The resistance element 18 1s arranged 1n a pattern on the
surface 16 of the first insulation layer 12, so that sections 20
covered by the resistance element 18 and resistance element-
free sections 22 are formed on the upper side 16. In the
present case, the resistance element 18 1s configured 1n a
meandering shape. Resistance element-free sections 22 are
therefore formed on the upper side 16 of the first insulation
layer 12 1n an edge region on the upper side 16 and at least
locally between the loops of the meandering resistance
clement 18.

A second insulation layer 24, which i1s connected 1n the
resistance element-free sections 22 to the upper side 16 of
the first msulation layer 12, 1s arranged on the resistance
clement 18. An electrically conductive layer 26 1s arranged
on the second insulation layer 24. The electrically conduc-
tive layer 26 1s configured as a metal layer. Electromagnetic
rays 1n the vicinity of the strain gauge 10, which may have
an 1interfering eflect on the voltage introduced into the
resistance element 18 through the contact elements, are
shielded by the electrically conductive layer. In this way, the
interfering effect of electromagnetic rays when measuring
the resistance value of the resistance element 18 can be
reduced.

The SG 10 1s arranged with the lower side 14 on a surface
28 of a metallic base body 30.

FIG. 2 shows the SG 10 known from FIG. 1. The second
insulation layer 24 has an outer side 32 on a side facing away
from the upper side 16 of the first insulation layer 12. In
contrast to the SG 10 known from FIG. 1, 1n the resistance
clement-iree sections 22 the SG 10 shown in FIG. 2 com-
prises continuous material recess 34 which extend from the
outer side 32 of the second insulation layer 24 to the lower
side 14 of the first insulation layer 12. The conductive layer
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26 1s arranged on the outer side 32 of the second 1nsulation
layer 24 and 1s formed in the continuous material recesses
34. The conductive layer 26 therefore extends in the con-
tinuous material recesses 34 from the outer side 32 of the
second insulation layer 24 to the lower side 14 of the first
insulation layer 12. There 1s not an electrically conductive

connection of the electrically conductive layer 26 to the
resistance element 18.

The strain gauge 10 1s arranged with the lower side 14 on
the metallic base body 30. The electrically conductive layer
26, which 1s arranged 1n the continuous material recesses 34
and extends as far as the lower side 14, 1s therefore electri-
cally conductively connected to the metallic base body 14.
In this way, the base body 30 and the electrically conductive
layer 26 form a Faraday cage which 1s formed around the
resistance element 18. The Faraday cage can increase the
cllect of the shielding against electromagnetic interference.

FIG. 3 represents a method for producing a strain gauge
10.

The method comprises the step of applying a {first insu-
lation layer 100 onto a surface to be examined of a metallic
base body. The first insulation layer comprises a material of
a nonconductive material and 1s vapor-deposited onto the
surface. The first insulation layer has a lower side which 1s
connected to the surface of the metallic base body. In this
way, the first insulation layer can be applied with a thickness
of <1 um onto the surface of the metallic base body.

In a second step, the application of a resistance element
102 comprising contact elements on an upper side of the first
insulation layer 1s carried out, the upper side being arranged
on a side of the first insulation layer facing away from the
lower side. The resistance element 1s vapor-deposited 1n a
meandering shape onto the upper side of the first insulation
layer. In this way, the upper side of the first insulation layer
comprises resistance element-free sections and resistance
clement-covered sections.

In a third step, the application of a second insulation layer
onto the resistance element 104 1s carried out, the second
insulation layer being connected to the upper side of the first
insulation layer in the resistance element-iree sections. The
second 1nsulation layer comprises a nonconductive material
and 1s vapor-deposited onto the resistance element, and 1n
the resistance element-iree sections onto the surface of the
first 1nsulation layer. The resistance element i1s therefore
arranged between the first insulation layer and the second
insulation layer.

In a fourth step, the application of an electrically conduc-
tive layer 106 onto the second insulation layer is carried out.
The second conductive layer 1s a metal layer which has a
shielding effect against electromagnetic interference fields
from a vicinity of the strain gauge.

FIG. 4 shows the method known from FIG. 3 for produc-
ing the strain gauge, the method known from FIG. 3 com-
prising further production steps.

Belore the application of the first insulation layer 100,
base body masking 1s applied 108 onto the surface of the
metallic base body in the resistance element-1ree section. In
this way, the base body masking can prevent a first insula-
tion layer from being applied directly onto the surface of the
metallic base body 1n the regions of the base body masking.

In a further step, the contact elements of the resistance
clement are masked 110 before the application of the second
insulation layer. The masking can prevent coating of the
contact elements with the second insulation layer. It can
likewise prevent the electrical contacts from being short-
circuited by the electrically conductive layer.
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The application of the second insulation layer 104 1s
tollowed by removal of the base body masking 112. By the
removal of the base body masking 112, a continuous mate-
rial recess 1s produced 1in the first insulation layer and the
second 1nsulation layer.

The electrically conductive layer i1s applied onto the
second 1nsulation layer 106. In the region of the continuous
material recess, the electrically conductive layer may be
clectrically conductively connected to the metallic base
body. In this way, a Faraday cage can be formed by the
metallic base body and the electrically conductive layer.

After the application of the second insulation layer 106,
the masking of the contact elements 1s removed 114, so that
the contact elements can be contacted with an electrical
conductor 1 order to apply an electrical voltage to the
resistance element.

LIST OF REFERENC.

(L]

CHARACTERS

10 strain gauge

12 first insulation layer
14 lower side
16 upper side
18 resistance element

20 resistance element-covered section

22 resistance element-iree section

24 second 1nsulation layer

26 clectrically conductive layer

28 surface

30 base body

32 outer side

34 material recess

100 application of first msulation layer

102 application of resistance element

104 application of second insulation layer

106 application of electrically conductive layer
108 application of base body masking

110 application of contact masking

112 removal of base body masking

114 removal of contact masking

The 1nvention claimed 1s:

1. A strain gauge for force and strain measurement,

comprising:

a first insulation layer having an upper side and a lower
side,

a resistance element arranged in a pattern on the upper
side of the first insulation layer, forming at least one
resistance element section and at least one resistance
clement-1iree section on the upper side,

a second insulation layer arranged on the resistance
clement, the second insulation layer at least locally
connected to the first insulation layer, the second 1nsu-
lation layer has an outer side on a side facing away
from the upper side of the first insulation layer, the first
insulation layer and the second insulation layer have at

least one continuous material recess, which extends
from the outer side of the second 1nsulation layer to the
lower side of the first insulation layer and 1s arranged
in the at least one resistance element-free section, and
an electrically conductive layer arranged on the outer side
of the second insulation layer 1n the continuous mate-

rial recess.

2. The strain gauge as claimed in claim 1, wherein the

resistance element has meandering patterning.

3. The strain gauge as claimed 1n claim 1, wherein at least

one of the first msulation layer or the second 1nsulation layer
comprises a plastic material.
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4. The strain gauge as claimed 1n claim 1, wherein at least
one of the first insulation layer or the second 1nsulation layer
comprises at least one of silicon dioxide, silicon nitride or
aluminum oxide.

5. The strain gauge as claimed 1n claim 1, wherein the first
insulation layer comprises a same material as the second
insulation layer.

6. The strain gauge as claimed in claim 1, wherein the
resistance element comprises at least one of germanium or
silicon.

7. The strain gauge as claimed 1n claim 1, wherein a base
arca of the electrically conductive layer 1s greater than or
equal to a base area of the resistance element.

8. A strain gauge as claimed 1n claim 1, wherein a base
area of the electrically conductive layer 1s greater than a base
area of the first insulation layer.

9. A stramn gauge as claimed in claim 1, wherein the
clectrically conductive layer 1s a metal foil.

10. A method for producing a strain gauge, comprising:

a) applying a first insulation layer onto a surface to be

examined of a base body, a lower side of the first
insulation layer being in contact with the base body;

b) applying the resistance element, comprising contact

clements, on an upper side of the first insulation layer,
the upper side being arranged on a side facing away
from the lower side;

¢) applying a second insulation layer onto the resistance

clement such that the second insulation layer 1s at least
locally connected to the first insulation layer; and,

d) applying an electrically conductive layer onto the

second 1nsulation layer.

11. The method as claimed i1n claim 10, wherein the first
insulation layer 1s applied to a surface of a metallic base
body by a vapor-deposition process.

12. The method as claimed in claim 10, wherein the
resistance element 1s applied mn a pattern onto the first
insulation layer by at least one of a vapor-deposition process
or a sputtering process, forming at least one resistance
clement-covered section and at least one resistance element-
free section on the first insulation layer.

13. The method as claimed in claim 12, wherein base
body masking 1s applied onto the surface of the base body
in the at least one resistance element-iree section of the first
insulation layer before application of the first insulation
layer, and the base body masking 1s removed before the
application of the electrically conductive layer.

14. The method as claimed 1n claim 12, wherein at least
one continuous material recess 1s formed 1n the at least one
resistance element-iree section of the first insulation layer by
cetching before application of the electrically conductive
layer.

15. The method as claimed 1n claim 12, wherein the first
insulation layer has a material thickness less than one
micrometer.

16. The method as claimed in claim 10, wherein the
contact elements of the resistance element are masked
betfore application of the second insulation layer.

17. A strain gauge configured to be attached to a metallic
base body, comprising;

a first insulation layer having an upper side and a lower

side arranged on the metallic base body;

a resistance element arranged on the upper side of the first

insulation layer;

a second msulation layer arranged on the resistance

clement, the second insulation layer at least locally
connected to the first insulation layer; and,
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an electrically conductive layer arranged on the second
insulation layer, the electrically conductive layer con-
figured to form a Faraday cage with the metallic base
body around the resistance element.

% x *H % o
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